Highly efficient and rapid aminolysis of epoxides with various amines in water under microwave irradiation in the absence of catalyst was developed. Chiral β-amino alcohols were formed in a short time with excellent yields.
Introduction
Chiral β-amino alcohols are very important organic compounds due to their use as intermediates in the synthesis of biologically active natural products and pharmaceuticals and medicinal chemistry.
1 They were typically prepared from ring opening of epoxides by reacting with much excess amine at elevated temperature for long time.
2 Since poor control of regioselectivity or some functional groups may be susceptible to high temperature, a variety of metallic catalysts and nonmetallic catalyst [25] [26] [27] [28] [29] have been introduced for the cleavage of epoxides in recent years. Recent method without using catalyst in water for long reaction time has been reported. 30 However, the use of expensive catalysts and toxic organic solvents, or long reaction time limited the application of aminolysis of epoxides. Take account of the advantages of microwave irradiation such as enhancement of the rate of reaction, higher yield, greater selectivity and decrease in reaction time, we herein present the first highly efficient microwave-assisted aminolysis of epoxide by the reaction of a variety of amines with epoxides in the absence of any catalyst in water. Since using only water instead of any organic solvents and microwave heating, it showed the great importance from the point of view of green chemistry and especially high efficiency. The reaction can also be performed at room temperature, while it takes more than 3 days to complete the reaction with very low yield.
Results and Discussions
Treatment of epoxide 3 or 4 with 1.2 equiv of substituted aryl piperazines afforded chiral 3-hydroxy-6-nitro-4-substituted piperazin-1-yl chromans 1 and 2 as asymmetric ring-opening product, respectively (Scheme 1).
These reactions proceeded smoothly in water under microwave irradiation with a very simple procedure without using any organic solvent or catalyst. The reaction is very easy because product isolation and purification is straightforward, requiring simple solvent (EtOAc) extraction and solvent evaporation or column chromatography in some cases. † This paper is dedicated to Professor Eun Lee on the occasion of his honourable retirement.
Scheme 1. Reaction of epoxide 3 with amines in water under microwave irradiation. Moreover, the yields of all the reactions were excellent as shown in Table 1 and Table 2 . It gave a more straightforward way compared to other methods involved several steps and catalyst reported in the literature.
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The data clearly show that the reaction of different amines with epoxides in water under microwave irradiation gives corresponding chiral β-amino alcohols within minutes instead of hours or days. The β-amino alcohols thus obtained gave satisfactory IR, 1 H NMR,
13
C NMR, mass spectral data and optical rotation value. This method is superior to other existing methods in that it forms single product under moderate temperature in very high yields (76-90%) and very short time (15-23 min) in water.
The formation of epoxide 3 was through five steps illustrated in Scheme 3.
32 First it involved the nitration of 2-hydroxyacetophenone to give 2-hydroxy-5-nitroacetophenone 7. Then the chromanone 8 was formed by reacting 7 with acetone catalyzed by pyrrolidine in refluxing toluene. Compound 9 was obtained by the reduction of 8 by NaBH 4 . Finally epoxide 3 was afforded via the epoxidation of 2H-chromene 10, which was obtained through dehydration of 9, by (R,R) Jacobson's catalyst. Similarly, epoxide 4 was formed by catalysis of (S,S) Jacobson's catalyst. Yields were high in all steps. 
Conclusions
In summary, the present study is the first highly efficient and practical method for the preparation of β-amino alcohols in water by microwave irradiation. This method offers high yields, very short reaction time, simple procedure and environmentally friendly conditions without any catalyst and organic solvents, compared with the conventional existing methods. The determination of biological activities of these products is underway.
Experimental Section
General.
1

H and
13
C NMR spectra were recorded in CDCl 3 (400 MHz for 1 H and 100 MHz for 13 C, respectively) with TMS as the internal reference on Bruker Advance 400 FT spectrometer. Chemicals shifts were reported in parts per million. Mass spectra (MS) were measured by the EI method. The specific rotation values were determined by a Digital polarimeter (DIP-1000, Jasco). Melting points are uncorrected. Silica gel (70-230 mesh) was used for flash column chromatography. All the reactions were monitored by TLC using 0.25 mm silica gel plates (Merck 60F-254) with UV indicator. All microwave-assisted reactions were carried out on 1.5KW Microwave heating device (KMIC). The microwaveassisted reaction time is the hold time at the final temperature. All chemicals were used as delivered from SigmaAldrich or Acros.
General Procedure for the Synthesis of Compound 1 and 2. Epoxide (1.81 mmol, 1.0 equiv) and amine (2.35 mmol, 1.2 equiv) were mixed in water and placed in a round-bottomed flask. The mixture was subjected to microwave irradiation (1 KW, 55 o C) for 15-23 min. The reaction was monitored with TLC. And then the reaction mixture was extracted with ethyl acetate and dried over MgSO 4 . The solvent was removed under reduced pressure to give the chiral β-amino alcohols. In some cases, further purification by column chromatography on silica gel was carried out.
(3R,4S)-2,2-Dimethyl-6-nitro-4-(4-phenylpiperazin-1-yl)chroman-3-ol (1a): A light-yellow solid, mp 155-157 CDCl 3 ) δ 18.7, 26.7, 49.8, 50.7, 63.1, 70.2, 79.9,  116.5, 118.0, 120.2, 122.8, 124.7, 124.9, 129.1, 141.4, 151.3 
